Abstract. Extraction and representation of the events in trajectory data enable us go beyond the primitive and quantitative values and focus on the high level knowledge. On the other hand, it enables the applications of vast off the shelf methods, which was originally designed for mining event sequences, to trajectory data. In this paper, the problem of symbolizing trajectory data is addressed. We first introduce a static symbolization method, in which typical subtrajectories are generated automatically based on the data. For facilitating the data mining process on streaming trajectories, we also present an incremental method, which dynamically adjusts the typical sub-trajectories according to the most recent data characters. The performances of our approaches were evaluated on both real data and synthetic data. Experimental results justify the effectiveness of the proposed methods and the superiority of the incremental approach.
Introduction
The recent advances in geographic data collection devices and location-aware technologies have increased the production and collection of spatial trajectories of moving objects [1, 2] . Well known examples include global positioning systems (GPS), remote sensors, mobile phones, vehicle navigation systems, animal mobility trackers, and wireless Internet clients. Briefly, trajectory of a moving object is a sequence of consecutive locations of the object in a multidimensional (generally two or three dimensional) space [3] . Fig. 1 shows a simple example of 2D trajectory data.
Recently, developments of data mining techniques on trajectory data have received growing interests in both research and industry fields [4, 5, 6] . For example, sequential rules with the format "if movement A then movement B" can be discovered by searching the historical trajectories generated by a vehicle user. Then based on the rules, personalized services can be provided according to the user's current movements in a vehicle navigation system. In another case, by analyzing the trajectories generated by all vehicles in a city, we can find some frequent patterns that reveal important passages, crossroads, highway, or other traffic facilities that are used frequently. The results of such analysis can be used for improving the management and maintenance of the traffic system. Xiaoming Jin, Jianmin Wang, and Jiaguang Sun In this paper, we address a novel problem, which is symbolization of trajectories. The problem is to map a trajectory into a symbolic sequence, in which each symbol represents the local movement at a time point or during a time period. For example, the trajectory of a car movement trajectory can be simply represented by a symbolic sequence in which each symbol indicates the shape of a quarter-hourly movement. Then the symbolic sequence can be examined for discovering rules such as "if a particular movement A, indicating a crossroads, occurs, then the car will go north straightly, say movement B, in the second quarter-hour."
Our research on this topic is mainly motivated by two ideas: First, there is a broad consensus that we are usually interested in high level representation of the data, rather than the primitive and quantitative values. Second, techniques for mining symbolic (event) sequences have been studies extensively in various application domains, such as click stream analysis, bio-informatics, and so on, and many sophisticated algorithms, models, and data structures were designed for handling symbolic sequences. Therefore, converting trajectory data into symbolic sequence could enable the applications of the vast off the shelf methods in mining trajectory data. Obviously, an appropriate and efficient method for extracting and representing the events in the trajectory data will achieve these goals, and whereupon, benefits the data mining tasks over trajectory data.
Symbolization is useful in mining spatial trajectory data. On the other hand, it can also help representing other data objects that seem different but are essentially with similar characters, such as features extracted from signature image and multiple attribute response curves in drug therapy.
Generally, symbolization can be viewed as an explaining process that classifies (or approximates) each individual "atomic" sub-trajectory into a typical sub-trajectory movements, e.g. "go north", "circumambulate", which is retrieved or defined beforehand. A simple and intuitive solution for generating the typical sub-trajectory is to choose it manually based on the domain expert's analysis and explanation. And then the "atomic" sub-trajectory at each time is represented by a simple nearest neighbor query through the given sets of typical sub-trajectory. Such ideas had been embedded into some ad hoc problem definitions, as well as data mining methods, implicitly or explicitly. However, it is usually extremely expensive to find and understand all can-
